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The  scale-up  16"  furnace  was  constructed  and  is  currently  being  subjected 
to  bake-out  and  heat-up  tests.  A closed  water  system  is  now  in  operation 
permitting  furnace  operation  independent  of  city  water. 
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1.0  INTRODUCTION 

\ a- 

Pyrostrand  graphite  composite  Is  a carbon  filament  reinforced  pyro- 
lytic graphite  formed  by  simultaneous  pyrolytic  graphite  deposition  and  filament 
addition.  A previous  program^  demonstrated  attractive  erosion  resistant 
characteristics  for  rocket  nozzle  applications.  Additional  features  of  this 
concept  include:  (1)  the  simultaneous  deposition  of  carbides  (when  desired) 

to  modify  the  matrix  structure,  (2)  the  use  of  filamentary  materials  of  various 
textile  configurations  and  mechanical  properties  and  (3)  the  control  of  reinforce- 
ment placement  and  content  for  increased  strength  and  greater  erosion  resistance 
in  very-high-temperature  environments. 

The  pyrolytic  graphite  matrix  has  inherently  high  resistance  to 
erosion  under  rocket  motor  firing  conditions.  A disadvantage  of  the  material 
is  its  tendency  to  delaminate  at  moderate  or  excessive  thicknesses.  This 
delamination  tendency  can  be  reduced  by  causing  the  pyrolytic  graphite  to  grow 
from  surfaces  other  than  the  substrate,  a filamentary  reinforcement  for  example. 

The  high  performance  graphite  yarns  have  a very  high  strength/density  ratio 
and  thereby  offer  the  potential  for  producing  composites  with  a significant  degree 
of  reinforcement.  In  contrast  to  most  materials,  the  strength  of  both  major 
components  of  these  composites  increases  with  temperature  up  to  near  the  subli- 
mation temperature  of  graphite  (6,600®F).  The  graphite  fiber  reinforcement 
sufficiently  reduces  the  anisotropy  of  the  pyrolytic  graphite  matrix  so  that 
freedom  from  delaminations  of  the  pyrolytic  graphite  is  achieved. 

Rocket  motor  nozzle  tests  in  1-inch  throat  sizes  have  shown  the 
applicability  of  these  graphite  composite  materials  (Pyrostrand)  to  the 
nozzle  conditions  of  a typical  advanced  propulsion  system.  Results  to  date 
indicate  that,  under  test  conditions  of  6500*F  and  1000  psi,  the  Pyrostrand 
graphite  composite  erodes  at  an  average  rate  of  2 + 1 mils  per  second. 

Based  on  the  expected  erosion  rate  of  approximately  2 mils  per 
second,  plus  the  high  potential  hoop  strength,  the  Pyrostrand  graphite 
composite  nozzle  appears  to  be  a desirable  throat  insert  material  for  these 
rocket  motor  conditions.  Other  nozzle  candidates  have  major  disadvantages. 

For  example,  tungsten  has  high  weight  and  vulnerability  to  nuclear  damage, 
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pyrolytic  graphite  coatings  have  a maximum  thickness  capability  and  bulk 
graphites  or  ablative  carbon  composites  erods  excessively.  The  Pyrostrand 
graphite  composite  materials  are  structurally  capable  of  self  support,  due 
to  the  filamentary  reinforcement. 

Past  efforts  have  been  limited  by  furnace  size  and  a small  capacity 
for  handling  the  filamentary  matetial.  The  results  were  sufficiently  promis- 
ing to  indicate  that  further  work  should  be  conducted  to  scale-up  the  equip- 
ment for  the  production  of  larger  pieces. 

2.0  WORK  ACCOMPLISHED 


work  accomplished  during  this  reporting  period  related  primarily 
to  (1)  the  construction  of  the  18-inch  furnace,  (2)  the  installation  of  the 
accessory  components,  and  (3)  furnace  bakc-out  and  heat-up  studies.^— 

Construction  of  the  18-inch  furnace  involved  four  major  sections: 
(1)  the  atmosphere  control  chamber;  (2)  the  induction  coll;  (3)  the  furnace 
assembly  and  (4)  the  closed  water  system.  Company  funds  were  used  for  the 
purchase  of  the  above  mentioned  equipment. 

The  atmosphere  control  chamber  is  a vacuum  tank,  72  inches  in  dia- 
meter and  60  inches  high.  It  was  constructed  from  304  stainless  steel  in  two 
sections  split  horizontally  and  provided  with  flanges  for  vacuum  sealing. 

A tongue-and-groove  design  was  provided  for  operations  under  either  vacuum 
or  differential  pressure  conditions. 

The  tongue-and-groove  surfaces  had  to  be  slightly  reworked  to 
effect  a satisfactory  seal.  In  addition,  the  solid  rubber  gasket  provided 
with  the  chamber  was  of  irregular  thickness  and  lncompressable  in  the 
snug  fitting  groove,  such  that  a vacuum  seal  was  not  possible.  The  solid 
gasket  was  removed  and  a comp res sable  flat  silicone  foam  ring  was  bonded  to 
the  outside  flng  of  the  top  flange  area.  The  tongue  on  the  flange  prevents 
the  silicone  gasket  from  moving  inward  when  subjected  to  less  than  atmos- 
pheric pressure.  A pressure  sensing  device  has  been  installed  within  the 
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furnace  to  warn  of  sudden,  inadvertent  pressure  changes. 

The  lower  section  of  the  vacuum  chamber  contains  three  observation 
or  yam  ports.  All  utility  connections  pass  through  the  lower  tank  wall. 

The  lower  half  of  the  tank  is  fixed  in  place  and  only  the  upper 
tank  lid  is  removed  for  access  to  the  furnace  area. 

New  concepts  were  incorporated  in  the  construction  of  the  furnace 
with  the  furnace  structure  based  upon  experience  with  the  8-inch  unit.  The 
maximum  furnace  chamber  diameter  is  19  inches.  This  diameter  will  accomodate 
hardware  diameters  up  to  12-1/2  inches. 

A cooling  plate  on  the  bottom  of  the  furnace  is  bolted  to  the  coil 
assembly  and  supports  the  susceptor,  winding  assembly  and  lampblack  insulation. 
It  is  now  possible  to  lift  the  entire  furnace  out  of  the  bottom  tank  section; 
however,  there  are  line  connections  that  must  be  disconnected  at  the  accessory 
port  to  remove  the  furnace. 

Control  flow  meters, as  well  as  visual  flow  indicators  were  attached 
to  each  injector  water  cooling  line.  In  the  event  of  an  inadvertent  water 
leak,  that  specific  defective  system  can  be  shut  off  without  damaging  the 
other  components  by  complete  water  shut-off.  All  outlet  water  temperatures 
are  now  monitored.  Also,  the  induction  coll  cooling  water  is  monitored  by 
sight  flow  indicators  and  temperature  sensors. 

Two  independent  cooling  coil  lines  are  attached  to  the  furnace 
base  plate.  Each  line  is  monitored  and  has  a separate  control  system. 

In  the  event  of  a leak  in  a cooling  line,  the  defective  system  can  be 
shut  off  and  the  remaining  independent  line  used  to  cool  the  base  plate. 

A closed  water  system  for  use  with  the  vaccum  furnaces  was  completed. 
The  system  has  provided  adequate  cooling  water  capacity  independent  of  city 
water.  However,  city  water  is  automatically  directed  into  the  recycling 
system  in  the  event  of  an  electrical  power  failure.  Furnace  support  systems 
such  as  pliari>ing  and  control  pannel  installation  were  completed. 

Several  check-out  tests  were  performed  with  the  18-inch  furnace. 
Initial  tests  were  conducted  with  the  furnace  under  vacuum  conditions  and 
all  cooling  water  lines  opened.  The  vacuum  leak  rate  was  found  to  be  very 
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low  (0.1"  Hg  in  5 minutes).  Examination  of  the  furnace  after  vacuum  tests 
revealed  no  structural  damage  or  water  leaks. 

Five  test  runs  were  performed  using  power  applied  to  the  coil, 
and  each  test  is  described  below: 

Test  Run  1 - Cooling  water  was  supplied  by  the  closed  water  system  at  a 
pressure  of  50  psi.  The  furnace  was  electrically  powered  for  20  seconds 
at  zero  power  settings  (324  volts,  43KW).  The  coil  did  not  vibrate  and  was 
very  quiet  when  energized.  After  the  short  20  second  run,  the  susceptor 
was  found  to  have  been  heated  slightly,  to  about  100°F.  No  structural 
damage  or  water  leaks  resulted  form  this  test  run. 

Test  Run  2 - The  furnace  was  put  under  vacuum  conditions  and  was  found  to 
have  an  acceptable  leak  rate  of  0.1  inches  Hg  in  5 mintues  with  all  water 
lines  on.  The  water  flow  rate  through  each  injector  was  determined  to  be 
37  gal/hr.  Again  the  induction  coil  was  energized,  under  minimum  power, 
to  achieve  a furnace  temperature  of  800#F  (427°C).  Slow  heating  was  accom- 
plished by  turning  the  power  on  and  off  over  a time  span  of  6-1/2  hours. 

The  top  of  the  vacuum  chamber  was  not  inductively  heated,  but 
the  middle  portion  of  the  lower  chamber  wall  was  warm.  Exit  water  from  the 
induction  coil  was  measured  at  68  - 70°F.  Exit  water  from  the  base  plate 
was  70  - 71#F. 

No  furnace  damage  or  leaks  were  found  after  the  test  run. 

However,  the  hoisting  brackets,  positioned  between  the  support  studs  on 
the  cooling  coll  turns,  had  been  heated  resistively.  The  induced  current 
in  the  cooling  turns  was  shorted  by  the  hoisting  brackets.  Excessive  heating 
of  the  brackets  caused  carbonizing  of  the  outer  layer  of  the  epoxy-glass 
coll  supports.  Two  of  the  studs  were  melted  back  about  one  inch.  Damaged 
stud  support  areas  were  repaired  and  the  hoisting  brackets  removed. 

Test  Run  3 - A silicone  foam  gasket  was  bonded  to  the  outer  half  of  the 
flange  on  the  vacuum  tank  lid.  A leak  rate  of  0.35  Inches  Hg  in  20  minutes 
was  noted.  The  furnace  was  heated  for  3 hours  at  minimum  power  (on  and  off) 
to  achieve  a measured  temperature  of  1550*F  (843*C).  Exit  water  from  the 
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induction  coil  reached  a maximum  of  75*F  (power  on  longer  than  Test  Run  2) 
and  the  base  plate  water  reached  8C*F. 

No  structural  damage  or  leaks  were  found  after  the  test  run. 

Test  Run  4 - Test  Run  4 was  performed  using  a continuously  energized  coil 
for  5-1/2  hours.  The  power  was  increased  in  eight  steps  (from  20KW,  326 
volts  to  95  KW,  470  volts).  An  average  temperature  increase  of  400°F/hr 
was  measured,  with  a peak  temperature  of  2260°F  (1240°C).  The  chamber  wall 
reached  a temperature  of  325*F.  It  was  apparent  that  the  chamber  is  suscepting 
with  the  induction  coil.  The  exit  coil  water  reached  a maximum  temperature 
of  77°F.  Water  from  the  injectors  reached  a maximum  temperature  of  84°F. 

Base  plate  cooling  water  peaked  at  109°F  in  the  secondary  line  and  99 °F 
in  the  primary  exit  line. 

A leak  rate  test  was  performed  on  the  chamber  after  the  run 
and  found  to  be  the  same  as  before  the  run,  i.e.,  0.35  in  Hg  in  20  minutes. 

No  structural  damage  or  water  leaks  were  found. 

Test  Run  5 - This  test  run  was  performed  using  the  energized  coil  for  a 
continuous  period  of  4-1/4  hours.  Maximum  power  used  was  118  KW  at  510 
volts,  resulting  in  a measured  furnace  temperature  of  2645°F  (1232°C) . 

Exit  coil  water  temperature  was  measured  at  88°F;  injector  water  exit  water 
was  96°F;  base  plate  water  was  114°  and  123°F. 

However,  the  vacuum  chamber  wall  was  measured  at  400°F,  at  which 
time  it  was  decided  to  terminate  the  run.  The  vacuum  tank  wall  was  heating 
because  it  was  suscepting  with  the  inductive  coil.  Ajax  Magnethermic  was 
contacted  to  explain  why  the  shell  is  suscepting,  as  it  was  designed  not 
to  do  so.  They  cannot  explain  why  it  suscepts.  We  plan  to  resolve  the 
problem  of  heating  by  installing  cooling  coils  on  the  exterior  side  of  the 
shell. 

The  epoxy-glass  plate  around  the  power  leads  entering  the 
vacuum  tank  heated  high  enough  to  cause  the  inner  layer  to  delaminate  and 
the  epoxy  to  char.  Cooling  coils  on  the  tank  wall  should  prevent  this 
condition  from  recurring. 
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TABLE  2.  MINIMUM  PROPERTY  DATA  REQUIRED  FOR 
EVALUATION  OF  PYROSTRAN0®  PROCESS 


I.  At  Room  Temperature 

Rings  are  to  be  used  for  fabrication  of  all  specimens. 
Rings  are : 

ID  = 3.00  in. /5. 500  in. 

W - 0.250  in. 
t “ 3/16  in. 


Quantity 
5 (ring) 

5 (ring) 

5 (ring) 


Type  of  Test 
Tensile 

Compression 


Shear  (flexural) 


Data  Measured 

Stress -Strain  Curve 

<*11.  E11 

Stress-Strain  Curve 
®11»  EH 

Stress-Strain  Curve 
t12  * g12 


II.  At  Elevated  Temperatures 

All  specimens  are  3-in.-diam  rings 

2 Tensile  at  R.T. 

III.  Thermal  Properties 

1.  Thermal  diffusivity  from  RT  to  2500  C (radial  direction) 

2.  Thermal  expansion  from  RT  to  2500  C (radial  and  axial 
direction) 


2 Tensile  at  1000  F 
2 Tensile  at  2000  F 
2 Tensile  at  3000  F 


} 


Ultimate 

Tensile 

Strength 
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will  be  performed  as  soon  as  the  furnace  has  been  determined  to  meet  critical 
requirements. 

„ Utilization  of  the  8-inch  furnace  in  preparing  the  3"  ID  samples 

will  continue.  Fabrication  of  both  3"  ID  and  5.5"  ID  samples  will  be 
initiated  in  the  18"  furnace  as  soon  as  furnace  check-out  tests  are  completed. 
Test  samples  will  be  submitted  for  property  test  data. 


REFERENCES 

1.  Eugene  L.  Olcott,  Atlantic  Research  Corporation,  "Development  of  High 
Temperature  Resistant  Materials  for  Use  in  Naval  Ordnanac  (U) Summary 
Report  prepared  under  contract  No.  N00017-71-C-4401  for  Naval  Ordnanace 
Systems  Command,  July,  1971,  CONFIDENTIAL. 


Comnander 

urdruncc  System  Cowhand 
Attention  Code  0R0-0333 
Code  OR D- 0632 
Washington,  DC  20360 


(2) 

(14) 


Army  Bel  little  Bet.  labs. 

Attention  AMXBR-l 

Aberdeen  Proving  Ground,  MO  2)005  (1) 

U S.  Army  Missile  Cowhand 
Attn;  Chief,  Documentation  Section  (6) 

Redstone  Scientific  Info.  Center 
Redstone  Arsenal , AL  35809 

Allegheny  Ballistics  Laboratory  (1) 

Attention  Tech.  Library 
Hercules,  Inc. 

Cumberland,  MO  21502 


Defense  Metals  Info.  Center 
Battel le  Memorial  Institute 
Attention  Reports  Library  (CPU) 

SOS  King  Avenue 

Columbus,  OH  43201  (1) 

National  Aeronautics  A Space  Administration 
Attention  Office  of  Tech.  Info,  A Educational 
Programs.  Code  ETL 

Wasnington,  OC  20546  (1) 


Director 

Strategic  Systems  Project  Office 
uepartment  of  the  Navy 


Attn.  Mr.  R.  kinert,  SP-2730) 
Ur.  J.  Kincaid,  SP-20 
Tecnnical  Library 
Washington,  OC  20360 

(1) 

(1) 

(1) 

Wnght-Patterson  AFB,  OH  45433 
Attention  AFML  (MAAE) 

AFML  (MAAM) 

AFML  (MAMC) 

AFML  (MANC) 

(D 

111 

Aerospace  Corporation 
Attention  Mr.  J.  Baetz 
P.d.  Box  95065 
Los  Angeles,  CA  90045 

(») 

Scientific  and  Tech.  Info. 
faci 1 ity 

«ttn:  NASA  Representative 

P.0.  Box  33 

College  Park,  MU  20740 

(2) 

uASA  Lewis  Research  Center 
Attention  Hr.  Hoy  F.  Lark 
Mail  Stop  49-1 
21 000  Brookpark  Road 
Cleveland,  OH  44135 

0) 

mFML/LMC 

Attention  Mr.  u.  L.  Schmidt 
Wright-Patterson  AFB,  ON  45433 

(1) 

Sandla  Corporation 
Attn:  Tech.  Library  (3421-1) 
Hr.  N.  Stoller 
P.d.  Box  5800 

ill 

Albuguergue,  m 8715$ 


Contract  No.  N00017-73-C-4306 

Distribution 

Coemnder 

(J.  S.  Neva!  Ordnance  Laboratory 
Attention  Library 
White  Oak 

Silver  Spring,  NO  20910  (1) 

Jet  Propulsion  Laboratory 
Attention  Chief,  Reports  Group 
4800  Oak  Grove  Drive 
Pasadena,  CA  91103  (1) 

Commanding  Officer 
U.  S.  Naval  Ordnance  Station 
Attention  Res-  6 Development  Dept. 
Indian  Head,  NO  20640  (1) 

Defense  Ceramic  Info.  Center 
Sattelle  Memorial  Institute 
Attention  Manager  of  Tech.  Info. 

505  king  Avenue 

Columbus,  OH  43201  (1) 

Department  of  the  Navy 
Naval  Air  Systems  Command 
Attention  AIR-502318  (11 

AIR-5367  (1) 

Washington,  OC  20360 

Chemical  Propulsion  Info.  Agency 
Applied  Physics  Laboratory 
Johns  Hopkins  University 
8621  Georgia  Avenue 
Silver  Spring,  MD  20910  (3) 

Conmandlng  Officer 
Army  Mechanics  A Materials  Res. Ctr. 
Attention  Tech.  Info.  Section 
Watertown,  MA  02)72  (1) 


Commander 

U.  S.  Nava)  Ordnance  Laboratory 
Attention  Code  234 
White  Oak 

Silver  Spring,  MO  20910  (1) 
Commander 

U.  S.  Naval  Weapons  Center 

Attention  Code  753 

China  Lake,  CA  93555  (2) 

National  Aeronautics  A Space  Adm. 
Attention  Code  RPS 
Washington,  OC  20546  (1) 

National  Aeronautics  A Space  Adm. 
Lewis  Research  Center 
Attention  Library 
21000  Brookpark  Road 
Cleveland.  OH  44135  (1) 

National  Aeronautics  A Space  Adm. 
George  C.  Marshall  Space  Flight  Ct 
Attention  Librarian 
Huntsville,  AL  35812  (1  ). 

Rocket  Propulsion  Laboratories 
Air  Force  Systems  Command 
Attention  Code  MK 
Edwards.  CA  93523  (1) 

Applied  Physics  Laboratory 
Jonns  Hopkins  University 
Attention  Doc.  Librarian 
8621  Georgia  Avenue 
Silver  Spring,  MO  20910  (1) 


Battel le  Memorial  Inst. 

Columbus  Laboratories 
Attn;  Report  Library  (RUT/0) 

505  King  Avenue 

Columbus.  OH  43201  (1) 

Sattelle  Memorial  Inst. 

Columbus  Laboratories 
Attention  DMIC 
505  king  Avenue 

Columbus,  OH  43201  (1) 

Lockheed  Missiles  A Space  Company 
Attention  Mr.  J.  Huizinga 
P.0.  Box  504.  Bldg.  154 
Sunnyvale,  CA  94088  (1) 


